The technical advances in arthroscopic surgery of the hip, including the improved ability to manage the capsule and gain extensile exposure, have been paralleled by a growth in the number of conditions that can be addressed. This expanding list includes symptomatic labral tears, chondral lesions, injuries of the ligamentum teres, femoroacetabular impingement (FAI), capsular laxity and instability, and various extra-articular disorders, including snapping hip syndromes. With a careful diagnostic evaluation and technical execution of well-indicated procedures, arthroscopic surgery of the hip can achieve successful clinical outcomes, with predictable improvements in function and pre-injury levels of physical activity for many patients.
As the capacity to assess and treat injuries to the hip has increased, a greater understanding of the aetiology of symptomatic hip pathology in the pre-arthritic patient has emerged. A relationship between malalignment in the hip and the development of labral and chondral pathology, as well as extra-articular injury, may be revealed by athletic activity. 1 A thorough evaluation of the mechanism of injury, a detailed physical examination, and an accurate interpretation of any imaging are essential for prescribing appropriate surgical intervention for mechanical hip pain in the young patient. 2 The arthroscopic treatment of disorders of the hip has increased during the last decade. 3 Arthroscopy of the hip was not initially widely endorsed, largely because of the technical difficulty of both accessing and instrumenting the deeply recessed femoral head in the acetabulum, where it is encased in a thick fibrocapsular and muscular envelope. 4 Technical advances, including an improved ability to manage the capsule and gain exposure, have led to an expanding list of applications, including the treatment of symptomatic labral tears, chondral lesions, injuries of the ligamentum teres, femoroacetabular impingement (FAI), capsular laxity, synovial chondromatosis, instability, developmental dysplasia and a spectrum of extra-articular pathologies, including snapping hip syndromes. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Arthroscopy allows a clear view of the femoral and acetabular articular surfaces, the labrum, the ligamentum teres and the head-neck junction, along with the surrounding synovium and its folds and the peri-trochanteric space. 15 It has been used to assess symptoms after total hip replacement. 16, 17 Advantages include minimally invasive access to all these structures coupled with rapid recovery in comparison with open surgery. 18 Furthermore, arthroscopy allows a dynamic intra-operative assessment and correction of mechanical pathology. 5 However, it is important to recognise the limitations of arthroscopy of the hip in the treatment of certain mechanical disorders. A careful assessment of more complex deformities, including acetabular dysplasia, severe rotational alterations of the proximal femur, and extra-articular forms of impingement such as trochanteric pelvic impingement, needs to be performed in all patients. 19 Critical evaluation to establish a precise mechanical diagnosis of the underlying pathomorphology allows for proper patient selection for arthroscopic rather than open procedures.
Patient assessment
Evaluation of the painful pre-arthritic hip requires a consideration of all of the mechanical factors that predispose to repetitive collision or asymmetrical loading and wear across the surfaces of the joint. Approximately 90% of all patients with labral pathology have associated bony abnormalities, such that isolated treatment of a labral disorder often fails to address the underlying primary pathology. 20, 21 Historically, alterations in the mechanics of the hip have been thought of as a continuum between dysplasia and femoroacetabular impingement (FAI). 2 As our understanding of the complex combinations of dynamic and static mechanical factors has improved, both of these must be addressed to develop the most appropriate, individualised recommendation for treatment (Table I) .
Dynamic factors, including focal cam or rim impingement lesions, result in abnormal stress and contact between the femoral head and the acetabular rim when the hip is moved. These stresses result in reactive hip pain related to activities that typically require flexion of the hip, resulting in abnormal engagement between the femoral head and the acetabulum. 2, [22] [23] [24] Pain related to dynamic impingement is typically felt in the anteromedial groin, although compensatory stresses may affect the lumbar spine, pubic symphysis, sacroiliac (SI) joint and posterior acetabulum. 2 A layered approach to diagnostic evaluation can help distinguish and recognise all potential sources of pain in symptomatic patients (Table II) . Further distinction can be made between impaction types of impingement (rim impingement and femoral retroversion), which result in a characteristic crushing of the labrum with relative sparing of the chondral surfaces, and inclusion types of impingement, best represented by cam impingement, where the transition zone of the intra-articular cartilage of the acetabulum is primarily damaged.
Static factors result in abnormal stress and asymmetrical loading between the femoral head and the acetabulum in the axially loaded position. These stresses lead to reactive pain as a result of insufficient congruency between the femoral head and the acetabulum, causing asymmetrical wear of the chondral surfaces with or without associated instability of the hip (Table I) . 25 The osseous pathoanatomy of dysplasia, including anterior and lateral acetabular undercoverage, femoral anteversion and valgus, creates static stresses that do not require movement across the hip to be painful. Although static overload may also manifest as anteromedial groin pain, compensatory dysfunction or overload of the peri-articular musculature including the abductors, iliopsoas and adductors leads to secondary fatigue and associated pain around the hip. 26 Once a provisional diagnosis has been established based on the history and careful physical examination, it should be confirmed by imaging. Anteroposterior (AP) pelvic radiographs should be standardised to confirm symmetry of the obturator foramina and central location of the coccyx 1.5 to 2 cm above the pubic symphysis in order to avoid mistaken characterisation of a cross-over or posterior wall sign. 27, 28 The extended-neck lateral (Dunn) radiograph 29 is useful to define femoral head-neck morphology, and has been validated by Meyer et al 30 and Barton et al. 31 The β angle can also be assessed on this view, which has been validated as a measure of overall clearance between the femoral neck and the acetabular rim, and thereby provides a reliable assessment of improvement in functional range of motion independent of the specific impingement lesions. 32 It is measured by defining the angle between the point of deviation from sphericity of the femoral head at the head-neck junction and the superior and lateral bony margins of the acetabulum.
CT scanning with three-dimensional (3D) reconstruction and analysis of the femoral version can be invaluable in providing a detailed assessment of the proximal femoral and acetabular geometry in order to define intra-and extraarticular sources of impingement. Cam location and topography along the proximal-distal axis and circumference of the head-neck junction can be defined. Precise localisation of the maximal deficiency of offset is a principal benefit of 3D CT analysis. Standard plain lateral radiographs allow assessment of the cam lesion at the 3 o'clock position, but several studies have shown that the most prominent cam lesion is usually located between the 1 and 2 o'clock positions (Fig. 1) . 29, 30 Without knowing the site of the maximum prominence, surgical decompression may be incomplete. Femoral version is defined by the angle of the femoral neck relative to the posterior condylar axis shown on axial CT images of the distal femur. 33 The centre of the neck is defined by multiaxial radial sequences to reveal the central axis in the superoinferior, mediolateral, and anteroposterior planes, and focal acetabular version is measured to define zones of retroversion. 34 Magnetic resonance (MR) arthrography has a sensitivity as high as 92% for chondral and labral pathology of the hip (Fig. 2) . 35 Characteristic MR arthrographic findings of cam-type FAI include large α-angles and chondral lesions at 37 Apprich et al 38 recently demonstrated the feasibility of using MRI T 2 mapping sequences to assess early articular degeneration in the hip joints of 22 patients with symptomatic FAI to help predict potentially successful joint-preserving surgery. Delayed gadolinium-enhanced MR imaging of cartilage (dGEMRIC) is a new imaging technique that can be used to estimate the glycosaminoglycan content in articular cartilage by measurement of T 1 relaxation time after penetration of the hydrophilic contrast agent Gd-DTPA(2-), and might also be valuable in the evaluation of chondral and labral pathology in patients with FAI. 39 For those patients in whom the exact source of pain cannot be identified following a comprehensive history, clinical examination and appropriate investigations, a diagnostic injection of local anaesthetic may be used to identify whether the pain is intra-or extra-articular in origin.
Typical patterns of mechanical impingement and instability
Impingement most commonly involves both femoral and acetabular deformities. [40] [41] [42] [43] Repetitive entry of the cam lesion into the hip joint (inclusion pattern of injury), typically during flexion and internal rotation, results in a characteristic pattern of injury to the transition zone and adjacent articular cartilage in the anterosuperior aspect of the acetabulum. A focal rim lesion, or cephalad retroversion of the acetabulum, is a distinct deformity causing repetitive collision of a normal femoral neck against an abnormal area of focal acetabular over-coverage (impaction pattern of injury). The repetitive abutment of the femoral head-neck junction on the abnormal acetabular rim results in anterosuperior labral injury and a posteroinferior contrecoup pattern of cartilage loss of the femoral head and acetabulum. 2, 44 Of 302 hips analysed by Beck et al, 40, 41 only 26 (8.6%) had an isolated cam and 16 (5.3%) an isolated pincer impingement. Laborie et al 45 reported on a population-based follow-up of 2081 of 4006 young adults (874 men and 1207 women). Cam-type deformities were seen in 99% (868 men and 1192 women), and pincer-type deformities were seen in the same numbers of male and female participants. A high degree of coexistence was reported for the causes of FAI. 45 Dynamic instability occurs in the form of posterior subluxation of the hip and can be due to early contact of the femoral head against the acetabulum with an anterior impingement deformity or posterior acetabular dysplasia. The most common traumatic mechanism of injury is a fall onto a flexed and adducted hip with a posteriorly directed force, and has been reported in rugby, football, skiing and American football. 46 Anterior contact and levering of the femoral head can lead to failure of the soft-tissue and osseous structures, causing a posterior acetabular rim fracture and a posterior capsulolabral tear with concomitant crushing of the anterior labrum and disruption of the ligamentum teres (Fig. 2) . In certain cases a posterior subluxation or dislocation may be the first manifestation of occult FAI in competitive athletes. 47 
Arthroscopic technique
Arthroscopic access to the hip has been effectively performed in both the supine and the lateral positions. The supine position was popularised by Byrd 48 and is a simple adaptation of typical positioning on a fracture table. This position affords the advantage of familiarity and easy access to the anterior hip and peri-articular structures. The lateral position has also gained acceptance and was originally described by Glick. 49 It affords the advantage of direct access to the anterior and posterior aspects of the joint and also allows rapid conversion to peri-trochanteric approaches when necessary. Both positions can be used effectively as long as traction can be consistently applied and the leg freely manipulated to access the peripheral compartment and dynamically assess correction of impingement.
Advances in the ability to treat various pathologies of the hip arthroscopically have depended on improved exposure of the central, peripheral and peri-trochanteric compartments. In this regard, surgical management of the capsule is critical in order to improve exposure without compromising the stability of the hip. We prefer to use a reproducible sequence of capsulotomies followed by capsular repair to achieve extensile exposure of the central and peripheral compartments without compromising the integrity of the ligaments. Arthroscopy is typically initiated using a Arthroscopic image after focal rim resection to correct cephalad retroversion. The degenerative labral tissue has been debrided, but has been left attached to the rim via the transitional zone cartilage.
standard anterolateral portal in traction followed by placement of a modified anterior portal with spinal needle guidance under direct visualisation. Care is taken to achieve portal trajectories that respect the femoral chondral surface and labrum. Using a sharp, disposable blade, an interportal capsulotomy is created in the plane between the labrum and the femoral head and affords several advantages (Fig. 3) . It allows exposure of the extra-articular side of the labrum, rim, and/or impingement lesions related to the anterior inferior iliac spine (AIIS). This allows controlled and precise resection under direct visualisation and protection of the peri-articular soft tissues from iatrogenic injury associated with limited access from portals or entrapment within the burr. A rim osteoplasty can be performed to correct cephalad retroversion and eliminate focal rim impingement lesions, as assessed by the pathological changes in the labrum and intra-operative fluoroscopy (Fig. 4) . Focal impingement against a prominent AIIS can also be effectively treated through this exposure. 50 Furthermore, the interportal capsulotomy allows for the placement of anchors and the passage of sutures for labral repair under direct visualisation, confirming a safe trajectory for drilling and allowing for a non-everting stitch that preserves labral function without detachment of the transitional zone cartilage. With this extensile access and exposure to the central compartment, labral and chondral injury, loose bodies, ligamentum teres injuries and psoas pathology can also be addressed. 2 After the central compartment pathology has been addressed, the traction is removed and the camera is positioned in the modified anterior portal to view distally along the head-neck junction. The hip is flexed to enlarge the peripheral compartment and allow access to the femoral head-neck junction for osteoplasty. A T-shaped capsulotomy along the anterior femoral neck is often helpful to improve proximodistal and mediolateral visualisation of the entire cam lesion, and to ensure optimal restoration of offset in all safely accessible locations between the superior and inferior retinacular (epiphyseal) vessels (Fig. 5) . Careful placement of this capsulotomy is important for improved visualisation and to reduce injury to the insertion of iliocapsularis and gluteus minimus onto the anterior capsule. A reproducible intramuscular plane between these two insertions can easily be developed using a switching rod entering from the distal anterolateral accessory portal. Once the fat plane is identified, careful separation of the gluteus minimus laterally and the iliocapsularis medially can be performed with minimal damage to the muscles. The typical location of this intramuscular plane is at the 2 o'clock position. At the end of the procedure the capsulotomy is readily repaired along the femoral neck and headneck junction using three to six side-to-side stitches, depending on the concern for capsular stability. In this regard, the exposure and correction of femoral and acetabular deformity that can be achieved is not dissimilar to that which can be achieved via an open surgical dislocation. Intra-operative fluoroscopy is used to confirm the restoration of offset on the extended-neck lateral radiograph and proximodistal correction from the physeal scar to the intertrochanteric line, and a dynamic assessment of clearance with flexion and internal rotation of the hip provides confirmation that all sources of mechanical conflict have been addressed (Fig. 6) . The fluoroscope is typically introduced to replicate the pre-operative AP pelvic view to confirm an appropriate rim recession. The femoral head-neck junction should be assessed with multiple images that provide a Arthroscopic images showing an osteoplasty performed to restore femoral offset in the peripheral compartment (left), with a T-shaped capsulotomy affording sufficient exposure to ensure complete correction (white arrow shows medial capsular flap retracted, blue arrow shows lateral capsular flap retracted, and red arrow indicates proximal margin of osteoplasty at the physeal scar); T-shaped capsulotomy repaired (right) with side-to-side simple stitches after the femoral osteoplasty is complete.
circumferential view of the head-neck junction and the view demonstrating the maximum loss of offset, which will typically involve the peripheral compartment viewed with modest flexion and external rotation of approximately 40°. 51 Post-operative rehabilitation is individualised based on the osseous resection, tissue quality, and labral re-fixation and/or capsular repair. Most patients require two to three weeks of protected weight-bearing on the treated hip to reduce the risk of post-operative fracture. Hip flexion > 90°i s typically restricted for a few weeks with labral re-fixation, but progressive increase in movement and strengthening of the abductors are initiated in the early post-operative period. Resisted straight leg raising is limited initially to prevent irritation of the hip flexors. Return to full activity is typically allowed two to three months post-operatively.
Efficacy of arthroscopic hip surgery for FAI
Recent studies have established that well-executed arthroscopic hip surgery and open surgical dislocation may have comparable efficacy in achieving correction of symptomatic impingement. There were no significant differences in the correction of deformity between the two groups. 54 Improvement in the in vivo kinematics of the hip after arthroscopic correction of FAI has also been documented. Bedi et al 55 reported on ten patients with symptomatic focal cam and/or pincer impingement and noted an improvement in both mean flexion (3.8°, p = 0.002) and mean internal rotation of the hip (9.3°, p < 0.001), with corresponding improvement in the mean Harris hip score (HHS) 56 from 65.86 (SD 6.66) preoperatively to 89.1 (SD 13.02) at a mean follow-up of 10.9 months (SD 7.4) after arthroscopic surgery.
However, the impact of surgery on the natural history of FAI and the progression of osteoarthritic changes has not been established. Beck et al 41 reported no progression of joint-space narrowing in 19 hips at a mean of 4.7 years after surgical treatment of FAI, but no randomised trials offering a direct comparison to non-operative treatment have been published to date. The current literature supports the efficacy of arthroscopic surgery to provide pain relief and improve function in active patients with symptomatic FAI. The recent report by the National Institute for Health and Clinical Excellence is in favour of this approach, 57 but there is no current support for prophylactic surgery in asymptomatic individuals.
Although prevention of osteoarthritic change has not been established, numerous studies have established that arthroscopic surgery is effective at mid-term follow-up (Table III) . reported that 65% to 85% of patients will be satisfied with the outcome at a mean of 40 months after arthroscopic hip surgery, although a common finding in all series, both arthroscopic and open, was failure among patients with pre-existing osteoarthritis. Good results at a mean follow-up of 3.2 years have also recently been reported by Malviya et al, 6 and Clohisy et al 52 in a systematic review of studies on FAI between 1950 and 2009 reported reduced pain and improvement in hip function in 65% to 96% of patients. Poor prognostic factors included advanced pre-operative osteoarthritis, advanced chondral degeneration and older age. Meftah et al 58 recently reported on 50 consecutive patients who underwent hip arthroscopy and labral debridement with a mean follow-up of 8.4 years. Good or excellent results were achieved in 62% of patients (58% in patients with untreated femoroacetabular impingement and 19% in patients with arthritis), but patients with no coexisting pathology had significantly better results. Almost all the patients with low post-operative HHSs had arthritic changes. 58 Matsuda et al 53 reported a higher incidence of major complications related to the trochanteric osteotomy and associated hardware following open surgical dislocation, and an increased incidence of lateral femoral cutaneous nerve injury with minimal access open approaches. The arthroscopic approach was reported to have equivalent clinical outcomes with a lower rate of major complications when performed by experienced surgeons. 53 Shearer et al 59 recently reported an estimated incremental A Dunn (elongated neck) lateral image is obtained intra-operatively to confirm correction and restoration of femoral offset distally and proximally to the level of the physeal scar. In this case, a proximal hamstring tendon repair was performed as well.
cost-effectiveness ratio (ICER) of hip arthroscopy to be USD$21 700 per quality adjusted life year (QALY) in patients with symptomatic FAI without arthritis, and noted that an alteration of the natural history of arthritis by hip arthroscopy would improve the ICER to $19 200 per QALY and result in cost savings if conversion to a joint replacement was not performed within 16 years of surgery.
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Complications of arthroscopy of the hip
The complications can be substantial and are generally related to prolonged traction or inappropriate portal The incidence ranges from 0.5% to 5%, but these statistics underestimate the incidence of iatrogenic chondral and labral injury associated with inappropriate portal placement and traumatic access into the central compartment. 60 Transient or permanent palsy of the sciatic, femoral, pudendal or lateral femoral cutaneous nerve is usually related to improper positioning, padding, or prolonged traction during instrumentation of the central compartment. Pressure necrosis in the perineum can occur, and anal and vaginal tears have also been reported because of over-zealous traction. 89, 90 Capsulotomies improve access and exposure but also increase the risk of extravasation of fluid and compartment syndrome of the thigh or abdomen, with prolonged operating time or excessive fluid pressure. Caution must also be exercised during T-shaped capsulotomy and femoral osteoplasty to avoid damage to the superior retinacular vessels and secondary osteonecrosis of the femoral head.
2 Capsular repair is also important, particularly in patients with ligamentous laxity or dysplasia, to avoid iatrogenic instability of the hip. With increased arthroscopic osseous resection of cam and rim impingement lesions, heterotopic ossification is also a potential complication and may occur in 8% of patients undergoing arthroscopy. 61 Although many are asymptomatic, symptomatic Brooker grade III or IV 91 lesions with restricted movement and pain may require further surgery. 61 Routine post-operative prophylaxis in those patients in whom a significant osseous deformity has been corrected arthroscopically is therefore advocated. 92 Although vascular injury is rare, the femoral artery and vein are at risk with inappropriately placed anterior or medial portals. Furthermore, the medial femoral circumflex artery is at risk of injury during the release of the psoas tendon via a transcapsular approach or at its insertion into the lesser trochanter. 62 The technical advances in arthroscopic surgery of the hip have been matched by a rapid growth in the conditions that can be addressed. With careful exposure and technical execution, predictable improvements in function and return to competition for athletes can be achieved. Recent studies by Larson et al 63 have established that a thorough osseous correction combined with labral preservation and re-fixation is of paramount importance to restore the suction seal of the hip joint, and is associated with significantly better clinical outcomes at a mean 3.5-year follow-up. However, arthroscopy of the hip remains a specialised technique that is difficult to master. Future developments are likely to include computer navigation for pre-operative templating and intra-operative guidance, 93 as well as the development of instrumentation to improve efficiency and access. The adaptation of arthroscopic techniques to osteotomy and total hip replacement is also being actively pursued and might provide an appropriate approach to reconstructive procedures in the future. If surgical strategies are developed to address chondral injury and subchondral cyst formation, arthroscopic surgery for the patient with early to moderate degenerative disease of the hip might be of value.
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